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Background: Students in German medical schools frequently complain that the subject ‘clinical examination’ is not
taught in a satisfying manner due to time constraints and lack of personnel resources. While the effectiveness and
efficiency of practice-oriented teaching in small groups using near-peer teaching has been shown, it is rarely used
in German medical schools. We investigated whether adding a new near-peer teaching course developed with
student input plus patient examination under supervision in small groups improves basic clinical examination skills
in third year medical students compared to a traditional clinical examination course alone.
Methods: Third year medical students registered for the mandatory curricular clinical examination course at the
medical faculty of the Technische Universität München were invited to participate in a randomised trial with
blinded outcome assessment. Students were randomised to the control group participating in the established
curricular physical examination course or to the intervention group, which received additional near-peer teaching
for the same content. The learning success was verified by a voluntary objective structured clinical examination
(OSCE).
Results: A total of 84 students were randomised and 53 (63%) participated in the final OSCE. Students in the
control group scored a median of 57% (25th percentile 47%, 75th percentile 61%) of the maximum possible total
points of the OSCE compared to 77% (73%, 80%; p < 0.001) for students in the intervention group. Only two
students in the intervention group received a lower score than the best student in the control group.
Conclusion: Adding a near-peer teaching course to the routine course significantly improved the clinical examination
skills of medical students in an efficient manner in the context of a resource-constrained setting.Background
Students in German medical schools frequently com-
plain about the quality of the teaching of the course clin-
ical examination [1]. Although physicians are generally
enthusiastic about teaching, contractual obligations lead
to time pressures [2] which may occur because of several
reasons. With the increasing demands of the economy,
even university hospitals are under economic pressure to
treat more patients in a shorter time. Thus teaching time
is even more limited than in the past. Additionally, these
financial constraints lead to patients being discharged
earlier making it difficult for students to find willing pa-
tients with suitable health conditions. Less time and
fewer adequate patients lead to larger teaching groups,* Correspondence: blank@lrz.tum.de
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reproduction in any medium, provided the orchanging the method of teaching-away from bedside
teaching on the wards back to the lecture room [3]. In
addition, not all clinicians are enthusiastic about teach-
ing clinical skills in the medical ward [4]. If there is a
lack of clear tutorial objectives, teaching methods and
content may vary widely between physicians which, in
many cases, leads to a lack of hands-on experience for
the student, resulting in insufficient skills in clinical
examination [4].
Peer and near-peer teaching is one approach to deal
with many of these problems. It reduces teaching de-
mands on faculty and has been shown to sustain quality
teaching in resource-constrained settings [5,6]. In the
musculoskeletal clinical examination, the effectiveness of
trained near-peer teachers in hands-on small-group
practice was shown [7]. This was also demonstrated for
medical wards [8]. Furthermore, additional benefits are
that the near-peer tutors teach at the cognitive level oftd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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X
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ship and teaching skills while the students being taught,
learn in a safe and comfortable environment [6]. There
is empirical evidence that trained students in the ad-
vanced phase of medical school are as good as experi-
enced clinicians for teaching physical examination to
younger peers [4,7]. If properly supervised, younger stu-
dents accepted and were satisfied by such near-peer
teaching [5,7].
Although the effectiveness and efficiency of near-peer
teaching has been shown [9], it is rarely implemented in
German medical faculties [1]. We investigated whether
adding a new near-peer teaching course, based on a new
curriculum developed with student input and incorpor-
ating patient examination under supervision in small
groups, improves basic clinical examination skills in
third year medical students compared to a traditional
clinical examination course alone.
Methods
Study design and participants
The study was designed as a prospective randomised
trial with blinded outcome assessment. All participants
were third year students of the Medical School of the
Technische Universität München (Munich, Germany).
All students attending the mandatory physical examin-
ation course in the academic half-year 2009/2010 were
eligible for the study. Students were informed about the
study via the university intranet and during the first lec-
ture at the beginning of the year. They were invited to
an introductory meeting and given further information
about the study. One hundred and eight students
attended this meeting. Students were randomised to the
control group, participating only in the current physical
examination course, or to the intervention group, which
received the new course in addition. The random se-
quence was computer generated and allocation fully
concealed (gender-stratified allocation of random num-
bers in the complete list of participants in MS Excel).
Both groups were evaluated by objective structured clin-
ical examination (OSCE) two months after completion
of the training. Students randomised to the control
group were offered to participate in the near-peer teach-
ing course in the following academic half-year. The eth-
ics committee of the Medical Faculty of the Technische
Universität München approved the study.
Current physical examination course
At the time the study was performed, the mandatory
physical examination course consisted of a theoretical
and a practical part. The theoretical part comprised of
eleven lectures held in a lecture theatre (three on history
taking, eight on clinical examination skills; 45 minutes
each). Additionally, students had to participate in 14corresponding tutorials in groups of 20 in the wards of
the teaching hospital. Each tutorial lasted 90 minutes
and included a demonstration of examination techniques
by an experienced physician and the opportunity to
learn the skills in groups by peer-examination. Some stu-
dents also had the opportunity to examine real patients
in this context, depending on the ward and the trainer.
Eight tutorials focussed on general physical examination
skills, while six tutorials (two each) were on ENT (ear,
nose, throat), ophthalmology and neurology. There was
no structured curriculum for these tutorials and anec-
dotal evidence suggested that the content, method and
quality varied considerably.
Additional near-peer teaching course
Physicians of the relevant disciplines responsible for the
routine clinical examination course, in collaboration
with advanced medical students, developed a teaching
concept for basic physical examination skills based on
the near-peer teaching approach (Table 1). Voluntary
near-peer tutors were recruited from fourth-or fifth-year
students. Based on a newly developed course guide,
structured according to the content of the curricular
physical examination course, near-peer tutors were
trained and finally accredited by the responsible coord-
inating physician.
The near-peer teaching course started with an inter-
active physician-led tutorial. Five physicians responsible
for the curricular examination course demonstrated
examination techniques to groups of nine students who
rotated around five topic-related work stations (ophthal-
mology, ENT, abdomen, thorax and neurology, 25 -
minutes each). Afterwards students met for weekly
tutorials supervised by near-peer tutors in small groups
of three. For each topic, students completed three small
group tutorials. First, students examined each other su-
pervised by a tutor, next they examined each other on
their own and finally a patient was examined under
supervision of a near-peer tutor. The patients who were
examined had been screened to ensure that they did not
have any severe pathological findings within the focus of
clinical examination to make sure that students first
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ination in ophthalmological patients, ENT examination
in patients after knee surgery). Experienced and trained
near-peer tutors continuously supervised peer- and pa-
tient examinations. Every near-peer tutor taught the
same examination throughout the course. The coordin-
ating physicians were at the tutor’s disposal in case of
questions or issues with patient recruitment.
Evaluation
Students from both groups were invited to participate in
an OSCE two months after the training. The OSCE con-
tained clinical skill stations based on the curricular phys-
ical examination course. The near-peer tutors who did
the teaching were not aware of the details of the OSCE.
The medical students had to demonstrate examination
techniques using standardized patient actors. Trained
raters, final year students not involved in the teaching
course, were blinded with respect to randomised groups.
Raters used evaluation sheets to indicate if the examinee
performed the examination as required. Points were
awarded for correct execution of each part of the examin-
ation technique. At each of the five stations, a maximum
of 40 points (36 points on technical skills and 4 points on
communication skills) were obtainable, totalling a max-
imum score of 200 points (main outcome measure).
Marks were assigned according to usual German standard
procedures (> 74% of maximum points = very good, 63-
74%= good, 54-62%= satisfactory, 38-53%= sufficient, < 38%
insufficient).179 third year stud
mandatory physical exa
108 attended the stud
meeting
84 agreed to pa
and were rando
42 randomised to control
14 did not come to OSCE
28 attended OSCE
Figure 1 Trial flow chart.Students, tutors and clinical teachers gave feedback at
the end of the course in a final meeting.
Statistical analysis
Data were entered into a SPSS database. OSCE scores
were transformed into percentages of maximum points.
For all students participating in the OSCE, data were
complete. Data for students not attending the OSCE
were not analysed. Analyses were done using IBM SPSS
19. Medians, quartiles, means, standard deviations (SDs),
frequency counts and proportions were used to sum-
marize data descriptively. As the distribution was asym-
metrical for some of the OSCE scales we used the
Mann-Whitney-U-Test to test for differences between
groups.
Results
84 of 179 eligible students agreed to participate and
were randomly assigned to control (n = 42, 29 female,
mean age of 22.9 (SD 2.9) years) or intervention group
(n = 42, 30 female, mean age 23.6 (SD 3.1) years). 31 stu-
dents did not attend the OSCE leaving 53 (63% of those
randomised; see Figure 1) for final analysis: 28 (67%) stu-
dents of the control group (21 female, 23.2 (SD 2.2)
years) and 25 (59%) students of the intervention group
(17 female, 22.2 (SD 0.9) years).
Students in the control group scored a median of 57%
(25th percentile 47%, 75th percentile 61%) of points pos-
sible compared to 77% (73%, 80%; p for difference be-
tween groups < 0.001) for students in the interventionents in the
mination course
76 did not attend the study 
information meeting
y information
24 no further contact
rticipate
mised
42 randomised to intervention
17 did not come to OSCE
25 attended OSCE
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intervention group was higher than the highest score in
the control group (see Figure 2); only two students in
the intervention group achieved a lower score than the
best student in the control group.
Students in the intervention group consistently scored
better than students in the control group in each of the
five OSCE stations. The differences were statistically sig-
nificant (p < 0.01). Except for ENT, the 25th percentile in
the intervention group was higher than the 75th per-
centile in the control group (Figure 2).
18 students in the intervention group received the
highest grade “very good”, six “good” and one “satisfac-
tory” (Figure 3). In the control group no student re-
ceived the highest grade, 5 “good”, 15 “satisfactory”, 7
“sufficient” and one did not pass the test (“insufficient”).
In the final meeting, both students and tutors reported
that the additional teaching was well accepted by everyone
involved. The level of teaching was considered well adjusted
to the training level of students. The clinicians stated that
the near-pear teaching course had not caused additional
time constraints, and that diagnostic and therapeutic mea-
sures in daily ward routine had not been disturbed.
Discussion
Students participating in the additional near-peer teach-
ing course for physical examination scored significantlyFigure 2 Percentage of points scored in the five subjects of the OSCE
ranges, the upper and the lower whiskers the 2.5th and the 97.5th percenthigher in each subject of an OSCE (ophthalmology,
ENT, abdomen, thorax and neurology) compared to stu-
dents participating only in the routine course. Developing
and performing the course proved feasible with limited
resources.
It is well known that the learning success of physical
examination skills training is dependent to a great extent
on interactive small groups and hands-on teaching [7].
However, limited resources often make it challenging for
medical schools to implement such an approach in a
sufficient manner. We developed our multimodal course
in order to minimize the burden for patients and teach-
ing physicians without compromising the effectiveness
of didactic techniques. Teaching components proven to
be effective in the past were combined in the course. A
structured manuscript developed by advanced students
has been well received by junior students and was very
valuable in a formal structure environment [10]. Peer
teaching is a useful concept not only from a practical
point of view, but also from the perspective of educa-
tional theory [11]. The teaching was done in small stu-
dent groups of three, led by the near-peer tutors who
were fourth or fifth year students [8]. Bedside teaching,
one of the best venues for teachers to effectively demon-
strate clinical examination techniques [12], occurred
under the supervision of the near-peer tutors. To analyse
the effectiveness of our approach we used an OSCEand in total. Bold lines represent medians, boxes the interquartile
ile (circles and asterisks are outliers).
Figure 3 Percentage of participants receiving a given grade in the OSCE.
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skills [13]. While there is evidence that all these compo-
nents can improve learning success individually, we are
not aware of other randomized studies that evaluated
them in combination (Table 1).
Our study has a number of limitations. The most im-
portant is that the near-peer course in the intervention
group was taught in addition to the mandatory routine
course. We would have preferred to compare the near-
peer course alone to the routine course alone. However,
our near-peer approach initially met considerable scepti-
cism in the medical faculty and we were only allowed to
provide it as an addition. Therefore, we cannot claim
that our study proves that the new course is better than
the old one. Furthermore, we cannot say which aspects
of the new course explain the better results in the OSCE.
Increase in teaching time, smaller groups, a clearer cur-
riculum, better performance feedback to students, spe-
cific training, and close supervision of tutors probably all
contribute to improved outcome. Whilst the examiners
were blinded as to which teaching the students had, the
students were not and the students in the intervention
group might have wished to encourage the adoption of
the new form of teaching by outperforming the studentsin the control group and therefore may have actually
studied and practised more.
In our near-peer teaching course, students practised
clinical examination skills in peers or patients without ser-
ious pathology in the area being taught. The aim of the
clinical examination course in the third year course is to
provide sufficient skills in the examination technique. In
the clinical courses following in medical school, students
can then adequately train interpretative and clinical diag-
nostic abilities when examining “real” patients.
Our study did not include a formal process evaluation.
There was only an informal feedback meeting after com-
pletion of the course, which was attended by all tutors
(for administrative reasons) but only a limited number
of students. This might have led to an underreporting of
criticism. In addition, 37% of participants did not attend
the concluding OSCE, as this was voluntary. However,
as both groups were similarly affected (33% control
group-41% intervention group) there should be a limited
effect on the final result. Interestingly, nearly all students
had the same excuse for not participating in the final
OSCE: the FC Bayern Munich football team was playing
at the same time and a large part of students had free
tickets for the game. This was not anticipated and
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there was no formal testing of learning success in the
mandatory routine course.
The benefits for near-peer tutors were not evaluated in
this study. However, it has been shown previously that
student tutors may benefit in several aspects. In order to
teach, they have to study clinical skills in more detail, re-
learning material to approach it from the perspective of a
tutor and not a student. Therefore, they are encouraged to
develop new study techniques. The motivation to study
for themselves will change and increase. It also prepares
them for their future role as teachers, as well as improves
leadership skills and self-confidence [5,11,12,14-16].
The experience in our project demonstrated again that
advanced medical students can be a tremendous help in
curriculum development, as shown in recent research
where medical graduates successfully developed a struc-
tured curriculum for a near-pear teaching program [10].
To ensure adequacy and broad acceptance of our course,
curriculum clinicians, who were responsible for teaching
the subject in the routine course, reviewed and corrected
the tutorial guidelines when necessary. The structure of
the course and rating instruments for the concluding
OSCE were developed in a consensus process with clini-
cians and tutors.Conclusion
The findings of our study provide clear evidence that
the students who participated to the additional near-
pear teaching course scored significantly better on a test
which assessed their ability to perform a prescribed phys-
ical examination in individuals without severe pathological
findings. Based on our experiences and findings, our med-
ical school replaced the former physical examination
course by the new near-pear teaching approach although
it had been tested as addition to the routine course in our
study. The approach integrates several evidence-based
components and makes efficient use of limited resources.
We believe that our course could be implemented suc-
cessfully elsewhere.Competing interests
The authors declare that they have no competing interests.Authors’ contributions
WB designed and managed the study. HB and KL performed the statistical
analyses. All authors contributed to the interpretation or the study findings.
WB, HB, KL, RV and AS drafted the manuscript. All authors contributed to the
revision of the manuscript. All of the authors read and approved the final
manuscript.
Author details
1Institute of General Practice, Technische Universität München, Orleansstr. 47,
81667 Munich, Germany. 2Medizinische Klink II, Technische Universität
München, Munich, Germany. 3Medizinische Klinik II, Universitätsklinikum
Mannheim, Mannheim, Germany.Received: 27 September 2012 Accepted: 4 December 2013
Published: 11 December 2013
References
1. Hofer M, Schiebel B, Hartwig HG, Garten A, Modder U: Innovative course
concept for small group teaching in clinical methods. Results of a
longitudinal, 2-cohort study in the setting of the medical didactic pilot
project in Dusseldorf. Dtsch Med Wochenschr 2000, 125(23):717–723.
2. Busari JO, Prince KJ, Scherpbier AJ, Van Der Vleuten CP, Essed GG: How
residents perceive their teaching role in the clinical setting: a qualitative
study. Med Teach 2002, 24(1):57–61.
3. Konig S, Markus PM, Becker H: Teaching and learning in surgery-The
Gottingen curriculum. Chirurg 2001, 72(5):613–620.
4. Tolsgaard MG, Gustafsson A, Rasmussen MB, Hoiby P, Muller CG, Ringsted C:
Student teachers can be as good as associate professors in teaching
clinical skills. Med Teach 2007, 29(6):553–557.
5. Ten Cate O: A teaching rotation and a student teaching qualification for
senior medical students. Med Teach 2007, 29(6):566–571.
6. Ten Cate O, Durning S: Peer teaching in medical education: twelve
reasons to move from theory to practice. Med Teach 2007, 29(6):591–599.
7. Lawry GV 2nd, Schuldt SS, Kreiter CD, Densen P, Albanese MA: Teaching a
screening musculoskeletal examination: a randomized, controlled trial of
different instructional methods. Acad Med 1999, 74(2):199–201.
8. Nikendei C, Andreesen S, Hoffmann K, Junger J: Cross-year peer tutoring on
internal medicine wards: effects on self-assessed clinical competencies-a
group control design study. Med Teach 2009, 31(2):e32–e35.
9. Burke J, Fayaz S, Graham K, Matthew R, Field M: Peer-assisted learning in
the acquisition of clinical skills: a supplementary approach to
musculoskeletal system training. Med Teach 2007, 29(6):577–582.
10. Rashid MS, Sobowale O, Gore D: A near-peer teaching program designed,
developed and delivered exclusively by recent medical graduates for
final year medical students sitting the final objective structured clinical
examination (OSCE). BMC Med Educ 2011, 11:11.
11. Ten Cate O, Durning S: Dimensions and psychology of peer teaching in
medical education. Med Teach 2007, 29(6):546–552.
12. Ramani S: Twelve tips for excellent physical examination teaching. Med
Teach 2008, 30(9–10):851–856.
13. Harden RM, Stevenson M, Downie WW, Wilson GM: Assessment of clinical
competence using objective structured examination. BMJ 1975,
1(5955):447–451.
14. Pasquale SJ, Cukor J: Collaboration of junior students and residents in a
teacher course for senior medical students. Med Teach 2007,
29(6):572–576.
15. Dandavino M, Snell L, Wiseman J: Why medical students should learn how
to teach. Med Teach 2007, 29(6):558–565.
16. Bulte C, Betts A, Garner K, Durning S: Student teaching: views of student
near-peer teachers and learners. Med Teach 2007, 29(6):583–590.
doi:10.1186/1472-6920-13-165
Cite this article as: Blank et al.: Can near-peer medical students effect-
ively teach a new curriculum in physical examination? BMC Medical Edu-
cation 2013 13:165.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
